In geometrically frustrated magnets, where competing interactions among localized spins cannot be simultaneously satisfied, conventional magnetic orders are suppressed to occur. Consequently, spins strongly fluctuate and form a disordered state known as spin liquid states (1) , or occasionally find a route to various spin textures, including spin spiral orders or more complex noncoplanar orders (2, 3) . These spin states are mutually competing in energy, being highly susceptible to small perturbations showing a versatile magnetic phase diagram with respect to temperature, magnetic field, and pressure. One of the typical ways to distinguish a nontrivial feature of each emerging spin state is viewing it from the perspective of a geometrical correlation of spin vectors ( ) on neighboring sites (i, j, k) in a lattice. For example, the vector spin chirality × describes the handedness of a spin spiral (4) , and the scalar spin chirality ⋅ ( × ) is connected to time-reversal symmetry breaking (5, 6) . These composite spin parameters couple with charge degrees of freedom in a correlated electron system to show unconventional electromagnetic responses (7) (8) (9) (10) . Exploration of novel spin textures via magnetic frustration has been one of the central issues of condensed matter physics.
A topological number of spin configurations, which remains intact under local deformation or weak fluctuations, offers another unique parameter to capture the characteristic nature of spin textures (11) . This concept has recently attracted growing interest since the discovery of magnetic skyrmion states in chiral magnets (12, 13) . The magnetic skyrmion is a vortex-like nanometric spin structure carrying a nontrivial topological number, where spin moments within a skyrmion wrap a sphere integer times (14) . The particle nature of this spin texture with sensitivity to the electronic current and external electric/magnetic fields highlights magnetic skyrmions as potential information carries (15) . Extensive studies have successfully identified skyrmion-hosting materials in the form of both bulk compounds (16) and multilayer thin-film structures (17) . From those, one can establish an empirical design principle for skyrmions (18, 19) ; that is to seek for the lack of inversion symmetry in the crystallographic lattice structure or at the interfaces.
These asymmetries cause the relativistic Dzyaloshinskii-Moriya (DM) interaction (20, 21) , which inherently prefers twisted spin configurations. More recently, this dogma has been challenged in theories (22) (23) (24) which propose to stabilize a skyrmion state in centrosymmetric lattices via magnetic frustration while experimental realization and observation of unconventional electronic responses have remained elusive.
In this paper, we demonstrate that the metallic magnet Gd2PdSi3, composed of a triangular-lattice network of Gd atoms (Fig. 1A ) in the centrosymmetric hexagonal structure, hosts a skyrmion-lattice (SkL) state upon the application of a magnetic field (H) perpendicular to the triangular-lattice plane, which is robust down to the lowest temperature. The transition into the topological spin state is characterized by a prominent topological Hall response (25, 26) with a sharp contrast to the adjacent topologically-trivial magnetic phases. Using resonant x-ray scattering (RXS), we identify the long-range order of Gd spins modulated in the triangular lattice plane. The spin texture of the field-induced SkL phase is consistent with a triangular-lattice of Bloch-type skyrmions (Fig. 1B) on the basis of the analysis of the scattering intensity among different diffraction geometries.
Gd2PdSi3 belongs to a family of rare-earth intermetallics R2PdSi3 (R: rare earth) (27) .
Its crystal structure derives from the simple AlB2-type structure with a triangular-lattice of R atoms sandwiching a nonmagnetic honeycomb-lattice layer composed of Pd and Si atoms (Fig. 1A) . Due to the difference in atomic size, Si and Pd atoms order into a superstructure along both in-and out-of-plane directions (28) , while the overall structure retains centrosymmetry (Fig. S1A) . This excludes the DM interaction as a source of the skyrmion for H||c in Gd2PdSi3 ( Fig. 1C ) with the contour mapping of the topological response of each phase probed by the topological Hall resistivity T (Fig. 1D ). Owing to the topological nature of skyrmions, they show characteristic emergent electrodynamic responses (14) . In metallic materials, in particular, the scalar spin chirality of skyrmions acts like a fictitious magnetic field, which generates a transverse motion of electrons, that is the topological Hall effect (THE) (25, 26, 35) . In many cases, the transverse resistivity is composed of three components;
where the first and the second terms are the normal and anomalous Hall resistivities proportional to the magnetic induction field B and the magnetization M, respectively, and the third term represents the topological component. Due to the feasibility of separating the first two terms with magnetization measurement, T is sometimes well isolated, which makes a topological Hall component a good probe for a signature of the skyrmion or related topological spin state in various materials (36) . As shown in (25, 26, 35) and FeGe (0.16 cm in a thin film) (37) . This must be partly due to a shorter wavelength of the spin modulation (~2.4 nm) (Figs. S5 and 3B), which squeezes the emergent magnetic
flux of a skyrmion, in contrast to the relatively large size of skyrmions (10 ~ 100 nm) in typical noncentrosymmetric (chiral or polar) magnets (36) .
To corroborate the observation of the THE in the A phase, we show a typical -H curve together with the M for H||c at 2 K ( Fig. 2A) . A sharp positive enhancement of is apparent in a region between two stepwise changes of M defining the first-order like transitions to and from the A phase. In the IC-2 phase and higher field region, on the contrary, stays negative with nearly field-linear behavior, at least up to 140 kOe ( The black solid line in Fig. 2A shows the fit to the high-field data of . The fitting quality is excellent for all measured temperatures, which allows us to unambiguously isolate T from as shown in Fig. 2B as well as Fig. 1C . We note that the quality of fitting is least affected by using a different formula, e.g., assuming skew scattering type anomalous Hall effect (Fig. S4) . Figure 2C show the evolution of peak in Having identified the emergence of a topological electromagnetic response in the A phase, we examined the Gd spin structure under H along the c axis, by the magnetic RXS in resonance with the Gd L2 edge. We observed the magnetic modulation along in-plane directions represented by the reciprocal-space vector Q1 = (q, 0, 0) (and equivalent Q2 = (0, -q, 0) and Q3 = (q, -q, 0) as well), in the magnetically ordered phase (40) . Here, q (~ 0.14)
is the magnetic modulation wavenumber. In Figs. 3A and 3B, we show M together with q at 5 K as a function of H along the c axis. To define the phase boundary for each phase, we
show the difference between the M for the H-increasing and decreasing scans, M (Fig.   3A ). In the IC-1 phase, q is almost independent with H, and starts to gradually increase IQ3. This suggests that the IC-2 state is a single-Q spin state, and that volume fraction of each Q-domain is not equivalent. This imbalance among the equivalent three single-Q domains may be due to residual strains on the sample induced by shaping and attaching on the sample holder (41) . We propose that possible magnetic structures for the IC-2 state are a fan-like structure or a transverse conical structure, which both lack a finite scalar spin chirality in accord with the absence of a topological contribution in . With decreasing H, the intensities for all the three Q vectors show a step-wise increase upon entering the A phase. These simultaneous increases of intensity for all Q cannot be reconciled with a single-Q model as discussed for the IC-2 phase, and rather points to the multiple-Q nature of the A phase. Further decreasing H, the intensity for each Q vector is almost unchanged while a prominent peak in M (Fig. 3A) suggests the first-order phase transition from the A phase to the IC-1 phase. This behavior suggests that the IC-1 state may possibly be of triple-Q nature as well but forms topologically different spin texture than that of the A phase.
In order to clarify the triple-Q states in the A and the IC-1 phases, we further analyzed the spin structure by relative intensities of magnetic satellite peaks observed around different fundamental Bragg reflections from chemical lattice. In Fig. 3D , we summarize the normalized intensities for three satellite Q vectors for each phase around the three Bragg spots, (0, 4, 0), (2, 2, 0), and (4, 0, 0), with different diffraction geometries (Fig. 3E) . We present the simulated intensity for the spin structures with the proper screw type and the cycloidal type modulations in Fig. 3D , respectively (40). Here we emphasize that these intensities are calculated by assuming that modulation amplitudes for the three Q-vectors these predicted features are absent in noncentrosymmetric systems with innate chirality or polarity dependent on the lattice structure. The conduction-electron mediated competing magnetic (RKKY) interactions on a geometrically frustrated lattice will provide a novel 13 platform for emergent electrodynamics due to topological spin textures and cultivate a cross field between spin topology and magnetic frustration. 
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